ABSTRACT
Introduction
Periodontitis is an inflammatory disease of the tooth supporting tissues which is caused by a group of specific microorganisms. It vastly destroys periodontal ligament and alveolar bone, along with pocket formation and/or gingival recession. [1] Treatment of all cases of periodontal diseases includes mechanical cleaning of the tooth surfaces to remove the mineralized and non-mineralized bacterial deposits (germ and plaque). [2] The presence of bacterial biofilms containing periodontal pathogens on tooth surface is considered as the main cause of gingivitis and periodontitis. [3] In chronic infections of connective tissue, adhesion and invasion of bacterial pathogens to the host tissues can trigger the destruction of structural proteins.
Besides, over-production of inflammatory mediators PDT, with fewer side effects, is another alternative to chemical antimicrobial agents for removal of subgingival bacteria and treatment of periodontitis. [7] The clinical implications of these new treatments have been partly studied and contradictory results were obtained. Few studies extendedly examined the localized effects of these methods on inflammatory mediators associated with periodontal diseases in human, and proved the role of these mediators in innate and acquired immunity in periodontitis. They suggested that analysis of the mediators in biological fluids of the body can help determining the current status of periodontal destruction. [8] Garcia et al. [10] found that employing PDT for plaque removal and root surface planing reduced the inflammatory mediators. [9] In another study, Makhlouf et al. reported that the reduction of gingival index, plaque index, and IL-1β level in GCF was not significant in the group treated with laser.
De Micheli et al. [11] evaluated the effects of antibacterial agents and diode laser on the periodontal clinical parameters and observed no clinical or microbiological difference between the experimental and control group. Giannelli et al. [12] detected that laser thera- Informed consents were obtained, the preliminary examinations were done, and periodontal files were completed for each patient. Then, the clinical parameters including bleeding on probing (BoP), probing depth (PD), and clinical attachment loss (CAL) were measured and recorded. After isolating the area in each quadrant, GCF samples were taken from 4 areas of the deepest pocket by using paper points NO.25 and were placed in a special transport medium. The samples were all placed on ice in special containers at 2-5° C, and were transferred to the laboratory in less than 30 minutes to be kept at a temperature of -70° C.
In the diode laser treatment quadrant, after GCF sampling, the first phase of laser treatment (initial laser curettage) was carried out by using 810 nm laser diode set (UNIVENT; Italy) only to reduce the number of periodontal bacteria. Then, the first stage of scaling and root planing (SRP) was done by using ultrasonic device.
In photodynamic therapy, a light source exposes the photosensitizer to a specific wave-length of low- and cost-effective. [13] In the control quadrant, the first phase of periodontal treatment was performed. In the PDT quadrant, the treatment procedure was performed by using Photosan system (DK-2800; CMS Dental, Copenhagen, Denmark) and toluidine blue as the light-sensitive material. The material was inserted into the dental pockets and irradiated by periodontal head no.15 for 10 seconds.
Then, the first phase of the SRP was done by using ultrasonic device.
After a week of initial treatment, the second phase of laser treatment (laser-assisted periodontal therapy) was performed. In this step, the de-epithelization of sulcus depth was done to induce delayed re-growth of the epithelium. This procedure was also done on the outer surface of the gingival margin and inside the sulcus. Then, the second phase of SRP was carried out on the three quadrants with ultrasonic instruments and ended with hand instruments. 
The mean baseline and 2-week values of IL-1β
were not significantly different in the study groups (p= 0.142). However, comparing the baseline and the 6-week values revealed a significant decrease after the treatment (p< 0.002), and from the 2 nd to the 6 th week (p< 0.048). (Table 2 ) The findings indicated a significant reduction in IL-1β levels in the three groups, particularly in the final weeks of the study. The control group was significantly different from the laser group and PDT group; whereas, the laser and PDT groups were not significantly different.
Garcia et al. [9] stated in their research that a combined treatment of PDT, low concentrations of methylene blue, and toluidine blue was the most effective adjunctive periodontal treatment associated with scaling and root planning, which indirectly reduced the inflammatory mediators and controlled the bone resorption in periodontitis.
Likewise, Queiroz et al. [14] reported that the ad- 
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[16] which were all consistent with the findings of the present study.
Meanwhile, Pourabbas et al. [17] reported a significant decrease in IL-1β in the PDT group, which was not in line with our study. Such a difference in results might be due to the various types of dye used in their study and the current one. According to some studies, certain dyes may reduce specific inflammatory mediators, since the dyes reacts with some certain mediators and make them more exposed to the applied radiation; a phenomenon that does not happen with other dye reagents.
Frequency of use is another determining factor for the influence of PDT on inflammatory mediators about which there are conflicting opinions. Malik et al. [18] stated in their article that repeating the PDT procedure for several times in the first weeks of treatment would increase the anti-inflammatory effects. However, the single-dose application of PDT in the present study was in agreement with a number of studies such as Andersen et al.'s, [19] which dramatically reduced the inflammatory mediators.
Concerning the impact of laser treatment on the inflammatory mediators, the findings showed that the reduction of these mediators in this group was more considerable than that in the PDT and control groups;
and that the decrease was significant in the last weeks.
Thus, it can be said that as the time passed and the mechanical and adjunctive treatments were repeated, these mediators reduced more and more.
Calderin et al. [20] concluded that the laser treatment decreased the IL-1β and TNF-α significantly more than performing only the first phase of treatment; however, repeating the sessions of laser therapy expedited the achievement of the desirable result. Yamaura et al. [21] detected that low-level laser therapy decreased the levels of TNF-α, IL-1β, and IL-8. They also observed that the mechanism had positive effects on periodontal inflammatory conditions. These studies were all consistent with the present study.
Generally, it is too difficult to specifically compare the laser therapy and the conventional method of periodontal treatment due to the different laser wavelengths, the vast variety of laser parameters, lack of adequate records to calculate the laser density, and differences in the experimental studies. [22] Moreover, the type of laser, durations of the study and laser therapy, the radiation dose applied, and the frequency of laser treatment can also affect the obtained results. Makhlouf et al. [10] revealed that laser treatment caused no significant reduction in gingival index, plaque index, and IL-1β levels in GCF. The applied radiation dose and frequency of laser treatment in Makhlouf's study was different from our study. Qadri et al. [23] observed that the two groups of SRP per se and laser treatment were not significantly different in terms of the reduction of IL-1β.
The duration of their study and laser treatment period was longer than the current study.
The present study revealed that the difference between the effect of laser treatment and PDT on the level of IL-1β was not significant; while, the two groups were significantly different regarding their effect on the level of IL-17. It can be justified as the dyes used in PDT method to influence the inflammatory mediators were absorbed differently and selectively by various cells.
Hence, the absorption, and thereby, the effect of PDT on IL-17 would possibly be more than the IL-1β, resulting in significant difference between the laser group and PDT group in terms of IL-17 levels.
It must be noted that the radiation dose applied in treatments might be appropriate for a mediator and inappropriate for another at the same time. Giannopoulou et al. [2] found no significant difference between the effects of these two treatment methods on IL-1β and IL-17; which contrasts the results of our study. It might be due to the use of a dye different from the reagent used in this study, as well as the longer duration of the study.
Concerning the clinical parameters in this study, it was noted that the PDT improved the clinical symptoms (CAL, PD, and BoP) during the course of treatment (2 and 6 weeks); this improvement was significant in BoP parameter.
In another study, Atieh [24] concluded that combining PDT with SRP would result in a dramatically decreased pocket depth, higher level of attachments, and slightly greater gingival recession. Moreover, the scale of general mouth bleeding declined significantly.
In their study, Christodoulides et al. [25] found no statistically significant difference between the two groups in terms of PD and CAL; however, the general oral bleeding index had a significantly greater decrease in the test group. These results were consistent with the current study.
Ruhling et al. [26] conducted a study in 2010 and observed that the two groups did not differ significantly in terms of plaque index, BoP, and the probing pocket depth. Consequently, their hypothesis suggesting the preference of PDT over periodontal mechanical treatment was rejected. This difference can be probably attributed to the longer duration of other studies, and the repeated therapeutic doses of PDT used in some studies versus the single-session PDT treatment in our study.
Furthermore, our findings revealed that as in the PDT group, the improvement of clinical parameters in laser-treated samples was higher than the control group; the difference was significant in the case of BoP. The results of this study were in full agreement with Slot et al.'s study [27] , in which it was observed that compared with the control group, laser therapy improved PD and CAL moderately, and improved BoP significantly. De
Micheli et al. [11] stated that adjunctive laser treatment created no significant difference between the study and control groups. This inconsistency between some studies and the current one may be due to the similar reasons mentioned about the PDT effects on parameters.
Conclusion
Within the conditions of this study, it can be concluded that regarding the anti-inflammatory effects of periodontal treatment methods, adjunctive PDT and laser treatment significantly reduce the level of inflammatory mediators. This impact increases towards the final weeks of the process. These treatments also improve the clinical symptoms, particularly BoP, which is again more efficient when prolonged.
